In this paper, two cyanine dyes with active hydroxyl were synthesized using 1, 1, 3, 3-tetraethoxypropanecondensed with two quaternary ammonium salt. The dyes' structure were characterized by nuclear magnetic resonance spectra and high resolution mass spectrometry. The absorption spectra of dyes were determined by UV-vis with DMF as solvent. The high voltage xenon lamp with current of 13.4A was used as the source of the lamp to study the light resistance of the dyes. The results showed that, the two cyanine dyes all have strong absorption in near infrared region, and the dyes that containing indole structure own higher λ max . The test of optical stability shows that the dyes with benzoindole nitrogen heterocyclic ring as the parent was more photostable and can be used as functional dyes.
INTRODUCTION
Light-absorbing materials with excellent semiconducting properties are of great importance for the application in solar cells, transistors or light-emitting devices, which are emerging technologies. Cyanine dyes are a class of near-infared absorbing dyes, they are comprised of two terminal nitrogen-containing heterocycles linked together by a conjugated polymethine chain. The heterocycles act as both electron donors and acceptors creating an electron deficient system throughout the molecule, allowing for long wave length absorption, making them excellent candidates as light harvesters inorganic solar cells [1] [2] [3] .
Cyanine dyes offer many desirable properties also, including safe handling, absorbency at longer wavelengths, high extinction coefficient, relatively high quantum efficiency, small molecular size, ease of chemical manipulation, and reasonable stability to reagents, pH and temperature. Modifications to the cyanine dye scaffold can alter optical properties, solubility, and allow for specific tailoring of dyes for their desired application.
Andrew Levitz [4] et al synthesized a series of 15 meso phenyl-substituted heptamethine cyanines utilizing a modified dianil linker and studied their optical properties, such as molar absorptivity, fluorescence, Stokes shift, and quantum yield. They found that the binding of these dyes to HSA is not only dependent on hydrophobicity, but also may dependent on steric interferences in the binding site and structural dynamics of the NIRF compounds. Véron, Anna C [5] synthesized several newheptamethine dyes with electron-donating substituents, which aimed at the enhancement of photon-to-current generation of PSCs into the NIR energy regime by utilizing heptamethine dyes as co-sensitizers. Reda M. El-Shishtawy et al [6] synthesized a water-soluble indocarbocyanine dye and studied its photophysics for the first time on two solid hosts, icrocrystalline cellulose andβ-cyclodextrin. They found that the inclusion of the indocarbocyanine moiety onto microcrystalline cellulose increased the dye aggregation with both H and J aggregates being formed. The fluorescence quantum yields of powdered samples of the cyanine dye increased relative to homogeneous solution.
Inthis paper, we reported the synthesis of two cyanine dyes with active hydroxyl and their spectral properties. The dyes' structures were characterized by nuclear magnetic resonance spectra and high resolution mass spectrometry also.
EXPERIMENTAL

Materials
All chemicals and solvents were Analytical-grade and were used as received. Acetonitrile, toluene and butyl alcohol were purchased from Tianjin National Medicines Co. Inc., China. All other chemicals were purchased from Shanghai Aladdin Bio-Chem Technology Co., LTD.
Characterization
The 1H NMR spectra was obtained using high quality Kontes NMR tubes (Kimble Chase, Vineland, NJ, USA) rated to 500 MHz and were recorded on an Avance spectrometer (Bruker, Billerica, MA; 500 MHz ) in Methanol-d4. Fourier transform mass spectrometry (FTMS) were obtained at Peking University Mass Spectrometry Facility (Waters, Milford, MA, USA). All compounds tested were >95% pure.
Synthesis of Cyanine Dyes with Reactive Hydroxy CD1
2-Methylbenzothiazole (2.98g, 0.02mol) was dissolved in dry toluene (50 ml) under N2.2-Bromoethanol (7.5g, 0.06mol) was added drop-wise over a period of 15 minutes. After complete addition, the solution was refluxed for 8h. After cooling to room temperature, the formed precipitate was filtered, washed with water and EtOAc and dried under vacuum to obtain 2.26g white solid 2.Yield 67.7% 。 1H NMR(500MHZ, Methanol-d4) δ8.35 m，1H）δ8.31（m，1H）δ7.93（m，1H） δ7.86（m，1H）δ4.87（d，2H）δ4.97（m，1H）δ4.10（m，2H）δ3.31（s， 3H).FTMS m/z: calcd. ForC10H12NOS 194.272, obsd 194.0629
Intermediate 2 (0.54g, 2mmol) was dissolved in dry toluene / butyl alcohol mixture (20 ml,v/v=7/3) under N2. A solution of 1,1,3,3-tetrathoxypropane(0.33g, 1.5mmol） in toluene / butyl alcohol mixture(20 ml, v/v=7/3 ) was added dropwise. After complete addition, the solution was refluxed for 20 min. Pyridine was added into the mixture and kept refluxed for another 4h. After cooling to room temperature,the formed precipitate was filtered and recrystallized with trichloromethane and n-hexane (v/v=1/1) to obtain CD1 0.24g as a blue-green solid.Yield 47.7%. 1H NMR(500MHZ，Methanol-d4) : δ7.99（m，1H）δ7.98（ m，1H）δ7.76（m，1H）δ7.72（m，1H） δ7.37（m，1H） δ6.58（m，1H） δ6.55（d，1H） δ5.07（d，2H）δ4.44（m，2H）δ4.43（m，2H）δ3.38（m， 2H ） δ3.36 （ m ， 2H ） δ2.51 （ s ， 1H ） . FTMS m/z: calcd. For C23H23N2O2S2423.69, obsd 423.12
Synthesis of Cyanine Dyes with Reactive Hydroxy CD2
1, 1, 2-trimethyl-1H-benz[e]indole (2.09g, 0.01mol)) was dissolved in acetonitrile (25mL) under N2.2-bromoethanol (3.75g, 0.03mol）) was added dropwise. After complete addition, the solution was refluxed for 20h. After cooling to room temperature, the formed precipitate was filtered, recrystallized with acetone and dried under vacuum to obtain taupe solid 3. Yield 67%, 1H NMR(500MHZ， Methanol-d4) : δ8.35（m，1H）δ8.24（m，1H）δ8.17（m，1H）δ7.78（m， 1H）δ7.76（m，1H）δ7.74（m，1H）δ4.82（d，2H）δ4.13（m，2H）δ3.33 
RESULTS AND DISCUSSION
Optical Properties of Dyes
The UV-vis spectra of CD1 and CD2in DMF was shown in Figure 1 , the extinction coefficient of the dyes were calculated and listed in Table 1 .
As can be seen from Figure 1 and Table 1 , the two cyanine dyes both have high absorbance in the near infrared region. This was because the cyanine dyes have conjugated system which was large enough, and have certain symmetrical structure. Compare the data of absorption spectrum and molecular structure, it can be concluded that the structure of dyes have more effect on its maximum absorption wavelength, the λmax of CD2 red shifted 24nm than CD1, this was mainly because the benzindole heterocyclic has one more heterocyclic than thiazole heterocyclic.
Photo Stability of dyes
The photo stability of near-infrared cyanine dyes play a very important role in its practical application, wheres it is usually poor. In order to evaluate the influence of light on the optical properties of the cyanine dyes, absorption spectra at different illumination time were recorded.
UV-Vis-NIR absorption spectra of the compounds in DMF( 0.02g/L )under illumination of a xenon lamp(13.4A) are shown in Figure 2 , the distance between dye solution and lamp was 90cm. . The results of relationship between the exposure time (t) with ln(A0/At) was shown in Figure 3 . As can be seen from Fig 2, the absorbance of dyes decreased in varying degrees after a certain period of illumination. According to the photooxidation decoloration mechanism, the singlet oxygen and superoxide anion play a major role in fading reaction of cyanine dye [7] - [8] . Under light conditions, oxygen and solvent DMF were the main factors leading to the fading reaction of cyanine dyes. It was also found that the dye structure has great influence on its photostability. The photostability of dyes CD1 was poor. The absorbance intensity almost disappeared after illuminate for 60min. While the dyes of CD2 still have high absorption intensity. This may because the benzindole heterocyclic introduces two methyl groups and a benzene ring compared with benzothiazoleheterocyclic, thus increases the steric hindrance of the system, and prevents from the attack of heavy oxygen, hence improves the photostability of dyes.
It can be seen from Fig 3, the ln(A0/At) of the cyanine dye solutions had a good linear relationship with the light time (t), it showed that the photochemical reactions of these dye solutions follow the first order kinetic model. The slope of the straight line represents the photoreaction rate constant of the dyes [9] . The smaller the slope was, the better the photostability of the dye will be. The rate constant of dye CD2was the lower, only 0.0017. It can be considered to be used in functional optical materials field.
CONCLUSIONS
Two kind of cyanine dyes CD1 and CD2 with active hydroxyl were synthesized using 1, 1, 3, 3-tetraethoxypropane condensed with two different quaternary ammonium salt. The structures of intermediates and dyes were characterized with 1H NMR and FTMS. The absorption spectra of dyes were determined by UV-vis with DMF as solvent. It found that, the two cyanine dyes both have strong absorption in near infrared region, the λmax and ε of CD1 were 662nm and 6.27× 104 L·mol-1·cm -1 , the λmax and ε of CD2 were 686nm and 6.51× 104 L·mol-1·cm -1.The results of optical stability showed that the dyes with benzoindole nitrogen heterocyclic ring as the parent was more photostable and can be used as functional dyes.
